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All the changes, i.e. the phase separation temperature of thylakoid lipids, shift in the chilling induced 
increase of K+ permeability and decline in photosynthetic Oz-production, respectively, brought about by 
temperature acclimation in Anacystis nidulans, can be accomplished by homogeneous catalytic hydro- 
genation of the fatty acids, as well, using a new water-soluble Pd(I1) complex, hitherto unknown in 
biological applications. Since the thermo-adaptation replaced by proper hydrogenation conducted under 
isothermal condition results in a similar modification of chilling susceptibility, it afforts direct evidence 
that chilling response ismediated by changing the degree of fatty acid unsaturation i Anacystis niduluns. 
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1. INTRODUCTION 
Changes of fatty acid unsaturation with growth 
temperature is well documented for many 
organisms [l-3]. Generally, such changes lead to 
an increase in the amount of more unsaturated fat- 
ty acids on lowering the growth temperature. 
Several attempts were made to relate these altera- 
tions to the growth temperature-dependent shift of 
the thermotropic phase transition temperature of 
membrane lipids and to the accompanying 
characteristic hanges in various membr~e-bound 
processes. 
One of the systems for which reliable evidence 
has been collated for the correlation between the 
thermotropic phase change of membrane lipids 
and the functions parameters, is that of the blue- 
green alga, Anucystis n~~uia~s. 
Although the blue-green algae are prokaryotic 
organisms, they are characterized by their 
photoautotrophy, moreover they can be regarded 
as model systems in the study on the temperature 
effect on plants 141. 
Authors in [5,6] have demonstrated that it is the 
phase-separation state of the cytoplasmic mem- 
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brane lipids which induces chilling susceptibility of 
this thermophilic alga. While the growth tempera- 
ture did not affect significantly the relative com- 
position of various lipid classes (71, the changes in 
the composition of fatty acids and temperatures 
for the phase separation of the lipids of both the 
thylakoid and cy-toplasmic membranes were shift- 
ed in parallel with the growth temperature. The ef- 
fect of growth temperature on the phase behaviour 
of the membrane lipids could be explained mainly 
by the variation of the degree of fatty acid unsatur- 
ation 161. The direct relevance of fatty acid un- 
saturation to chilling susceptibihty in A. nidulans 
strongly suggests that any manipulation under iso- 
thermal conditions leading to changes in the fatty 
acid composition should also result in changes in 
the chilling response. 
We have recently reported on the modulation of 
the fatty acid composition of intact thylakoids 
isolated from wheat leaves by homogeneous 
phosphine catalysts [8]. Here we describe the 
utilization of this method to modify the fatty acid 
composition of living algal cells, and its effect on 
the chilling susceptibility of A. nidulans. Here 
another water-soluble catalyst, Pd(QS)z (QS, 
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sulphonated alizarine; Ci4H607NaS) was introduc- 
ed, being superior to the previously used phos- 
phine complexes as regards catalytic activity and 
stability. 
2. MATERIALS AND METHODS 
2.1. Chemicals 
The catalyst, Pd(QS)z was prepared as in [9]. All 
the other chemicals were of commercial aboratory 
use. 
2.2. Alga culture 
A. nidulans was cultured in Kratz and Myers 
medium C, bubbling with air enriched with 1% 
COZ. The cells were grown at 28°C and 38”C, 
respectively, under an incident light intensity of 
about 5000 lux. The cultures were collected by cen- 
trifugation at 3000 x g for 5 min late in the 
logarithmic phase. 
2.3. Hydrogenation procedure 
The algal cells grown at 28°C and harvested by 
centrifugation were suspended in fresh culture 
medium and the cell density was adjusted to 10 mg 
chlorophyll/l, Aliquots (20 ml) of this suspension 
were placed into high-pressure glass reaction 
vessels and transferred to a thermostated (28°C) 
water bath. The reactors, connected to a vacuum- 
gas manifold, were evacuated and subsequently 
filled with hydrogen at a pressure of 5 atmos- 
pheres. The appropriate amount of the catalyst 
solution (prepared with degassed water) was in- 
jected to the algal suspension through a silicone 
rubber septum. 
The hydrogen pressure was then increased, max- 
imally to 7 atmospheres, and the reaction tubes 
were rotated at 50 rev./min, for the desired reac- 
tion time. At the end of the incubation the pressure 
was slowly released in about 5 min. To remove the 
catalyst the samples were washed 3-times with 
culture medium. The Pd(I1) content of the cell 
suspension was determined by atomic absorption 
spectroscopy. Extraction and analysis of fatty 
acids were performed as in [lo]. 
2.4. Temperature dependence of Chl-a fruores- 
cence 
Chl-a fluorescence in Anacystis cells was 
measured at various temperatures using a Hitachi 
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MPF-2A spectrophotometer fitted with a tempera- 
ture regulation unit. By changing the sample temp- 
erature continuously, the temperature-fluores- 
cence yield curve could be recorded automatically. 
Fluorescence was excited at 430 nm and measured 
at 684 nm. Rates of temperature decrease and in- 
crease were 1 “C/min. In order to eliminate the in- 
fluence of the photochemical reactions of photo- 
synthesis on fluorescence yield, 10 ,GM DCMU was 
added to the medium. The density of cells was 
adjusted to 2 mg Chl/l. 
2.5. Chilling treatment, measurement of K+ 
release and photosynthetic oxygen evolution 
To investigate the release of Kf the algal cells 
were washed 3-times by suspension/centrifugation 
with 40 mM Na-phosphate buffer, pH 7.0. For the 
chilling treatment he thermo-adapted or hydrog- 
enated algal cell suspensions were kept at appropri- 
ate temperatures betwen 0°C and 25”C, in the 
dark. They were then warmed to the growth or hy- 
drogenation temperature and left for 10 min. The 
suspensions were centrifuged at 5000 x g for 
10 min and the amount of K+ in the supernatant 
was determined by atomic absorption spectro- 
metry. 
The photosynthetic oxygen evolution was meas- 
ured as in 141, following the changes in the Oz-con- 
centration in the medium at 28°C with a calibrated 
Clark-type Oz-electrode. 
The cell density was 100 mg Chl/l and 10 mg 
Chb’l, respectively, for the measurements of 
K”-release and of photosynthetic 02-evolution. 
3. RESULTS AND DISCUSSION 
Within the membranes of algal cells only mo- 
noenoic unsaturated fatty acids are found. 
Previous studies on the pattern of hydrogenation 
of liposomes and thylakoid membranes by water- 
soluble rhodium and ruthenium phosphine com- 
plexes have shown [8], that, unfortunately, these 
catalysts are markedly effective only in the satura- 
tion of polyenoic alkyl chains, being much less ac- 
tive on monoenoic ones. By comparing a number 
of different water-soluble homogeneous hydrog- 
enation catalysts, however, we found a Pd(I1) 
complex, hitherto unknown in biological applica- 
tions, which seems to be suitable in providing a 
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sufficient rate of saturation of the single cis double 
bonds. 
The effects of varying catalyst concentration, 
hydrogen pressure and reaction time on the rate of 
hydrogenation were studied under isothermal 
(28°C) conditions. For most of our purposes the 
optimal parameters were: ccat, 0.1 mh& j?&, 5 at- 
mospheres, t = 90 min, at a cell density of 10 mg 
Chl/l. Under these conditions the Anacystis cells 
totally preserved their integrity and biological ac- 
tivity. By 3 stepwise washings with the medium the 
catalyst could be substantially removed from the 
cell suspension: we observed by AAS Q 1Opg 
Pd/mg Chl, which means >, 99% removal. 
In agreement with earlier studies we observed 
that the proportion of saturated fatty acid residues 
in the total lipid composition of A. nidulans in- 
creased with the increase of the growth tempera- 
ture from 28’C to 38°C (table 1). By hydrogena- 
tion under the mentioned optimal conditions of the 
cells grown at 28”C, an almost identical shift could 
be achieved as expressed by the saturated/unsatur- 
ated acids ratio. It is remarkable that the algal cells 
in control experiments, treated by the catalyst 
under nitrogen, did not differ in any respect from 
the untreated population. 
It is noted, that the chain length of the fatty 
acids was slightly influenced by shifting the growth 
Table I 
Fatty acid composition of total lipids of Anacystis 
niduluns grown at 28°C (l), grown and hydrogenated at 
28’C (2) and grown at 38°C (3) 
Fatty acids Molar % 
1 2 3 
14:o 2.1 3.7 1.5 
14:1 4.3 2.5 1.1 
16:O 44.9 50.5 48.5 
16:l 43.5 38.2 37.8 
18:O 1.8 2.2 4.8 
18:f 3.4 2.5 6.3 
Saturated/unsaturated ratio 
Total 0.95 1.29 1.21 
14:0/14: 1 0.49 1.48 1.36 
16:0/16: 1 1.03 1.32 1.28 
18:0/18: 1 0.53 0.76 0.76 
temperature, similar to those reported in [l 11. As 
was to be expected, there was no alteration in this 
respect during hydrogenation. 
Although the lipid analyses were performed for 
whole cells, the detected alterations in the level of 
unsaturation predomin~tly reflect the changes in 
the fatty acid composition of the thylakoid mem- 
branes, since the cytoplasmic membranes occupy 
only a very small (about 10%) part of the cell 
membrane system [12]. Using the fluorescence of 
Chl-a as an intrinsic probe for the state of the 
thylakoid lipids in living algal cells, we found that 
the catalytic hydrogenation shifted the maximum 
of the fluorescence yield by I l*C, related to the 
control cells, grown at 28°C (fig.1). On the other 
hand, maxima (1 l-14’C and 16-25’C), measured 
for the non-hydrogenated cells cultured at 28°C 
and 38”C, respectively, were in good agreement 
with the values determined using the same method 
[ 131, and close to those for the onset of phase 
separation detected by the X-ray diffraction (16’C 
and 26”C, respectively) in [14]. 
Our results clearly indicate that the nearly iden- 
tical alterations in the degree of saturation, ir- 
respective of their origin (isothermic modulation 
or thermo-adaptation), resulted in the same shift 
(about 1O’C) of the gel-liquid crystal phase transi- 
tion temperatures of the membrane lipids. 
Temperature, OC 
Fig, 1. Temperature dependence of Chi-a fluorescence in 
Anucystis ~jdul~ns grown at 28°C (A), grown and 
hydrogenated at 28°C (B) and grown at 38°C (C). Solid 
and dashed lines were obtained by decreasing and 
increasing the temperature, respectively. 
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It has been suggested [lS] that a considerabie 
fraction of the membrane lipids contributing to the 
phase transition observed in the lipid extracts are 
not involved in the transition associated with the 
intact cells, but may be involved in interactions~ 
e.g., with proteins. fn addition, it has been shown 
[f4] that an appreciable fraction of the thylakoid 
lipids isolated from the Anacysts cells are in a 
disordered state at 5°C which is far below the 
temperature of the main phase transition. Whether 
the shift of the phase transition temperature induc- 
ed by hydrogenation and temperature-acclimation, 
respectively, can be attributed to the appearance of 
the same discrete pool of ‘high melting point 
lipids’ of the thylakoid or not, cannot be answered 
yet. Further studies are needed to reveal a possible 
site-selectivity of the hydrogenation concerning the 
positions distribution of fatty acids in the glycerol 
moiety of lipids. 
Based on the fact that to reach the thylakoid 
lipids the catalyst has to pass through the cell 
envelope of the algae, and since a great similarity 
of the lipid and fatty acid composition exists bet- 
ween the thylakoid and ~~0~1~~~ membranes 
]12], it is reasonable to assume that the whole 
membrane system becomes hydrogenated simulta- 
neously. As has been pointed out [6], the fatty acid 
composition of cytoplasmic membranes is crucial 
from the point of chilling susceptibility; the forma- 
tion of gel-phase domains in the c~oplasmic mem- 
brane manifests itself in an efflux of small ions 
(e.g., K’) to the outer medium, which in turn 
irreversibly destroys the physiological activities of 
the cell; e.g., photosynthesis. In our experiments, 
the midpoint value for the temperature region, 
criticai for K+ release, was around 4*C in cells 
grown at 28”C, and IYC in cells adapted to high 
(38°C) temperature. Again, the effect of high-tem- 
perature acclimation could be triggered by hydrog- 
enation; namely, the midpoint value was 14°C in 
case of hydrogenated algal cells, grown at 28°C 
(fig.2). It is of interest hat in the region below the 
midpoint temperature, less K” leaked out of the 
hydrogenated cells than from those adapted to 
high temperature, 
Fig.3 shows the dependence of photosynthetic 
02 evolution on chilling tem~rat~es in hydrog- 
enated and tem~rature-acclimated cells. Hydrog- 
enation did not result in any change of the amcmnt 
of 02 evolved at room temperature (rates for 
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Fig.2 Dependence of the K+ release on chilling 
temperatures in algal cells, grown at 28% (u---o), 
grown and hydrogenated at 28°C (+------I)) and grown 
at 38°C (A. . . A). The cells were treated for 10 min at 
chilling temperatures. 
1~~0). Of-production, however, declined at much 
higher chiiling temperatures in both hydrogenated 
and 38°C grown cells, respectively, than in cehs 
adapted to 28’C. (Midpoint values were: 4”C, 
15°C and 12°C for the 28°C grown, hydrogenated 
and 38’C grown cells, respectively.) These temper- 
atures coincided not only with those for Rf 
release, as was seen above, but also were equal, or 
very close, to those for the onset of phase separa- 
tion in the cytoplasmic membranes of Anacystis 
cells grown at 28°C and 38”C, respectively f6J. 
In conchtsion, it can be stated that a11 the 
changes {i.e., the phase separation temperature of 
Chilling temperature,% 
Fig.3. Dependence of the photosynthetic 02 evolution in 
cells grown at 28°C (O---0), grown and hydrogenated 
at 28°C (e-----o) and grown at 38*C (A-a -A). The 
cells were treated at chilling temperatures for 60 min. 
Rates for 1~~~ were 550, 510 and 4~~mol 02 
evolved. mg Chl-’ . ix-’ for cehs grown at 28”C, grown 
and hydrogenated at 28% and grown at 38’C, 
respectively. 
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thylakoid lipids, shift in the chilling induced in- 
crease of K+ permeability and decline in photosyn- 
thetic 02-production) brought about by tempera- 
ture-acclimation in Anacystis niduluns, can also be 
accomplished by homogeneous catalytic hydrog- 
enation. It was hitherto questionable, whether 
growth temperature-dependent alteration in the 
fatty acid unsaturation of the membranes predicts 
the degree of chilling-susceptibility or merely is 
part of a complex thermoadaptive response. Since 
the thermo-adaptation replaced by hydrogenation 
resulted in the same shift in chilling susceptibility 
it affords direct evidence that chilling response was 
mediated by changing the degree of fatty acid un- 
saturation in Anacystis nidulans. 
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